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SPECIFICATION 

Process : and apparatus fur nsduqing fte In* 
ohislan-fiorrtant of steels and for refining 
5 thttir.«fiuoturft 

The invention is related to a process and an 
equipment for reducing the inclusion-content 
of steels and for refining their structure. 

10 The inclusions causing impurity in steels 
can be of the following composition: oxides, 
sulfides, phosphides, silicates, aiuminates, ni- 
trides, arsenides, etc, or composites of the 
same compounds, perhaps complex com*" 

15 pounds thereof, The inclusions themselves 
can be exogenous or endogenous. It is well 
known that the development of endogenous 
inclusions is initiated by feeding some inclu- 
sion-removing alloy or by change of solubility. 

20 At the temperature of removing the inclu- 
sions, primary inclusions can be relatively 
easily removed from the steel bath under the 
effect of an inclusion-removing alloy. In the 
case of applying the proper inciusion-remoy* 

25 ing alloy and process, the removal can he 
almost complete. 

All alloys are suitable for the purpose which 
produce insoluble inclusions of smaller spe- 
cific weight and fower melting point than 

30 those of the steel. The processes applied 
should promote the swimming (floating) up of 
the inclusion in the metal bath. 

In the course of casting following the re- 
moval of inclusions, the metal melt cools 

35 down and secondary inclusions appear due to 
the change of the equilibrium constant. The 
removal of these secondary inclusions is more 
complicated than that of the primary inclu- 
sions and their total removal is practically" 

40 impossible. 

Between the liqurdus and solidus lines (i.e. 
in the liquid + solid two-phase range), it is not 
possible to remove the tertiary inclusions 
stuck along the grain boundaries due to the 

45 segmentation of the inclusions, Furthermore, 
it is not possible to remove the quaternary 
inclusions segregating at energetically above 
the average places (pores, grain boundaries, 
dislocations) during the polymorphous xrans- 

50 formation due to the reduced solubility. These 
inclusions remain in the metal of room tem- 
perature. 

The greatest part of inclusions in steel are 
the most injurious oxide inclusions, Their re- 

55 mpval or reduction is therefore of great signifi- 
cance. So we deaf with these inclusions first 
of all; at the same time, however, it should be 
emphasized that the process may be applied 
for removing other inclusions as well, 

60 The amount of oxide Inclusions in steel of 
room temperature depends on the oxygen 
activity level which can be influenced by de- 
oxidation. 

The de-oxidation is very complicated and 
65 complex metallurgical process and is influ- 



enced by many factors (de-oxidation capabil- 
ity, quantity composition, melting:point, ex- 
tent and speed of solubility, etc. of the de- 
oxidation element, furthermore, the tempera- 

70 ture and oxidation degree of the bath, the 
amount of other additives, physical and chem- 
ical characteristics, growth and removal of the 
de-oxidation products, play also important 
role). Among these factors the de-oxidation 

75 capability of the de-oxidani is of major Impor- 
tance from the point of view of the efficiency 
of the de-oxirfaticn. 

Although de-oxidation is rather complicated 
as a metallurgical process, its realization is 

30 carried out even nowadays by simply throwing 
the de-oxidant onto the surface of the steel 
bath. Only recently have been applied blasting 
lances and inert gas streams for leading the 
de-oxidant Into the metal melt. 
• 85 in special cases the de-oxidation is carried 
out in vacuum in order to avoid the fusion of 
the de-pxidation material and the oxygen of 
the air. 

Hungarian patent Specification No. 

90 1 72,1 04 deals with the removal of the pri- 
mary endogenous inclusions segregating un- 
der the influence of the inclusion-removing 
alloy. Several methods for removing the inclu- 
sions from the bath as well as, the composi- 

95 lion of an inclusion-removing alloy are dis- 
closed. 

This inclusion-removing alloy most suitable 
for removing the inclusions from steels con- 
tains 40-50% silicon, 15-30% aluminium, 

100 10-25% calcium, 1.5-15% manganese as 
well as 2-20% titanium, zirconium, niobium, 
hafnium, cerium, boron and the rest iron. 

The above solution is, however suitable . 
only for removing the primary inclusions and 

105 may not be applied to reduce the quantity of 
secondary inclusions, or to refine the steei 
structure. 

An aim of the present invention is a process 
for reducing the secondary inclusion content 

1 10 of steels and for retaining the steel structure. 
According to the invention, the inclusions 
are removed from the steel by inclusionHre- 
moving alloys containing calcium and/or 
magnesium under a pressure equal to or 

115 greater then the ambient pressure. After- 
wards, vacuum is produced and the calcium 
an/or magnesium will be evaporated from the 
steei bath. 

it is advantageous to remove the inclusions 
120 under a higher pressure, preferably under 2 to 
8 atm. The value of the vacuum employed 
during boiling-point amounts to 10" 3 -10 torr, 
in general. 
The apparatus according to the invention 
125 comprises a closed chamber and a tun-dish 
with the steei bath injector means and a 
lance. The chamber is provided with a vac- 
uum unrt. A pressure source belongs prefera- 
bly to the injector means. 
1 30 The essence of the invention lies in realizing 
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the fact that the de-oxidation ability of the 
calcium — and especially of the magnesi- 
um-— depends on the pressure to a great 
extent and this can be used by the process 
5 and apparatus invented by us for further re- 
ducing the inclusion content of steels as well 
as for refining their structure. 

We arrived to the above conclusion by 
undertaking de-oxidation experiments with the 
10 atloy given in the above-mentioned Hungarian 
patent, In the course of tK3.ee experiments, 
the de-oxidation has been carried out; 
(a) by throwing the de-oxidation material onto 
the steel bath; 
1 5 (b) by blasting the de-oxidant through a lance 
with inert gas and 
(c) by employing vacuum. 

The experiments proved that the best result 
can be acheived with a lance inert gas. 
20 This was surprising, as the best result should 
have been expected from the de-oxidation in 
vacuum— in view of the state of art. 

Afterwards, de-oxidation was carried out ap- 
plying a lance and inert gas and producing 
25 vacuum following this step. In this way, a 
surprisingly good result has been achieved. 
The oxygen and sulphur content of the steel 
as well as its hydrogen content were lower 
than ever before, The inclusions contained 
30 scarcely any magnesium oxide and calcium 
oxide, although the de-oxidant did contain 
magnesium and calcium In a considerable 
amount. It was also surprising that the majors 
ity of the inclusions were to be found not on 
35 the grain boundaries but inside of the crystal 
lines. The inclusions were small and the struc- 
ture of the steel was surprisingly fine. 

Further examinations led to the conclusion 
that the best result can be achieved by carry- 
40 ing out the deoxidation under pressure with 
an alloy containing magnesium and calcium, 
and the steel should be treated in vacuum 
afterwards, 

Further details of the invention will be ap- 
45 parent from the following detailed description 
thereof, taken together with the accompany- 
ing drawings. 

Figure 1 is a diagram showing the de- 
oxidation behaviour of calcium and magna- 
50 sium; 

Figure 2 shows the effect of vacuum treat- 
ment following de-oxidation; 

Figure 3 shows apparatus applied for realiz- 
ing the process according to the invention. 

55 In order to understand the present inven- 
tion, the effect of the pressure change on the 
deoxidation behaviour of calcium and magne- 
sium is shown in Fig. 1 . 
In the diagram according to Fig. 1 the 

60 quantity of the thermodynamics! normal free 
energy change is plotted against the tempera- 
ture. The thermodynamical normal free energy 
change may be calculated from the equation: 
AG*==AH-TAS = - RTlnk*, 

65 Fig. 1 cieady shows that de-oxidation capa- 



bility of the calcium and magnesium may be 
increased by raising the pressure. Lowering 
the pressure or producing vacuum, however> 
results in a decreasing de-oxidation capability. 
70 Point 1 shows the de-oxidation ability of the 
calcium, Point 2 that of the magnesium, if the 
de-oxidation takes place at 1600 "C and on 
p m 1 atm pressure, Should the de-oxidation 
be carried out under a pressure higher than 1 
75 atm, the de-oxidation power of the calcium 
grows at 1 .6 atm to a value corresponding to 
Point 1' and that of the magnesium at 3.9 
atm reaches the value corresponding to Point 
2'. This is also showa numerically by AG* 
80 becoming more negative. 

Fig. 1 shows also that it makes no sense to 
raise the pressure over 1 .8 atm applying 
calcium and over 3.9 atm applying magne- 
sium at 1600 b C, because si would not have 
85 any effect. 

If the temperature of de-oxidation is raised, 
however, the pressure should also be raised 
accordingly. It is evident that raising of pres- 
sure at 1600 *C is more effective when 
90 applying magnesium (three times higher pres- 
sure causes a three times greater alteration in 
the value of AG*} than in the case of calcium. 

Should the de-oxidation be carried out in 
vacuum, e.g. under a pressure of about 
95 0.001 atm, the de-oxidation ability of calcium 
is reduced to a value corresponding to Point 
V, and of magnesium to Point 2 r \ This 
phenomenon is also shown numerically by 
AG" becoming more positive. Vacuum influx 
100 ences the value of AG* in the same way both 
with calcium and magnesium. 

The essence of the invention Is that the 
steel will be de-oxidised under pressure with 
an alloy containing calcium and/ or magna* 
1 08 sium. After completing the process of de- 
ajsidation, the calcium and/or magnesium will 
be almost completely evaporated out of the 
steel by a vacuum treatment. 
The de-oxidation characteristics of calcium 
110 and magnesium are better if the pressure is 
raised and worse en vacuum* This is a conse- 
quence of the fact that the steel is able to 
dissolve more calcium and magnesium at the 
temperature of de-oxidation under pressure, 
115 whereas calcium and magnesium may be 
evaporated in vacuum as their boiling point 
Changes due to the pressure change. By in- 
creasing the pressure, their boiling point will 
be raised; in vacuum, however, it is reduced, 
120 as shown in Fig. 2 by the displacement of 
break points (at the same time these are also 
the boiling points belonging to the given 
pressure value). 
As among the most important de-oxidation 
125 elements only calcium (1487 X) and magne- 
sium (1 102 X) have lower boiling points than 
the de-oxidation temperature of the steel 
(1600 *C)> an alloy containing calcium and/or 
magnesium is necessary for realizing the 
1 30 above process. 
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The inclusion content of the steel treated 
with said process is lower than that of steels 
treated with any of the formerly known inclu- 
sion-removing processes. None of the prior 

5 processes contain the step of applying pres- 
sure and thus oxygen level corresponding to 
the values of Point 1 ; or Point 2 according to 
Fig. 1 can be reached only. Lower values as 
given by Point 1 or Point T can be reached 

1 G only by empJoying the process according to 
the invention. 

However, this is only one of the advantages 
of said process. The other advantage is shown 
on Fig. 2. 

1 5 Point 1", or 2" represent the oxygen level 
in equilibrium with the remaining calcium 
and/or magnesium content after de-oxidation 
and evaporating the calcium and/or magne- 
slum, this level being considerably higher 

20 than the oxygen level marked by Point 1', or 
2' reached sn the course of de-oxidation. 
Though the numerical value of the equilibrium 
constant changes during cooling, secondary 
inclusions do not segregate until the oxygen 

25 level with respect to one of the de-oxidatidn 
elements remaining in the steel, reaches the 
lowest level registered in the course of de- 
oxidation, due to the numerical alteration of 
the equilibrium constant. This point can easily 

30 be located on Fig. 2, If the curves showing 
the de-oxidation features of the de-oxidation 
elements as a function of the temperature are 
intersected by a straight fine representing the 
lowest oxygen level, the points of intersection 

35 mark the temperature at which the above- 
mentioned phenomenon occurs. These points 
of intersection are 3* and 4*. Point 3* corre- 
sponds to a de-oxidation alloy containing sili- 
con, aluminium and magnesium and point 4* 

40 represents an alloy containing silicon, alumin- 
ium, calcium, magnesium and earth metals 
(as e.g. Ce ~ 48-56%, Nd 1 5-20%, 
p r = 4-7%, La - 20-25%, other earth met- 
als and impurities <1%), This enables over- 

45 cooling of the steel and segregation of solid 
secondary, tertiary and quarternary inclusions. 
The composition of these inclusions is greatly 
different from that of the primary inclusions. 
They contain very small amounts of calcium 

50 and/or magnesium or have no Ca and/or Ug 
content at .all These segregations are present 
in a great number and in small dimensions 
and play the role of crystal nuclei, which leads 
to an extraordinary fine steel structure. If a 

55 vacuum treatment after de-oxidation is not 
applied, which means that evaporation of cal- 
cium and/or magnesium does not take place, 
the liquid secondary inclusions rich in cal- 
cium-oxide and/or magnesium oxide and hav- 

60 ing almost the same composition as that of 
the primary ones, would immediately start to 
segregate in the cotnrse of cooling, due to the 
change of the equilibrium constant As a 
consequence, the structure of the steel would 

85 not be refined — in the absence of overcooitng 



and crystal nuclei. The Inclusions would se- 
gregate along the grain boundaries and would 
influence the mechanical characteristics of the 
steel In a most unfavourable way. 
70 The invention will be illustrated with the aid 
of the following non-limiting Examples. 

Example 1 
A deep-drawable soft steel was made of 

75 metal melt consisting of 0.1 to 0.2% carbon, 
0,4 to Q&% manganese, 0.05 to 0.1% sili- 
con, 0*04 to 0.1% aluminium, max. 0.15% 
phosphorus and max. 0.15% sulfur, the bal- 
ance being iron. 

80 The removal of inclusions (deoxidation, de- 
suffurteation, dehydrogenation) was carried 
out at 1600 °C and a pressure of 4 atrn. The 
inclusion-removing alloy contained 45% sili* 
con, 25% aluminium, 4% magnesium and 

85 the balance iron. Said inclusion-removing al- 
loy was added to the steel bath through & 
blasting lance with argon. After the removal of 
inclusions a vacuum of 1 0~ a torr was pre* 
duced. In this way, there remained 70 ppm 

90 oxygen and 0.01% sulfur in the alloy. After 
remoyaB of inclusions from similar alloys, the 
usual oxygen content amounts to 100 to 200 
ppm and the sulfur content to 0.012 to 
0.015%, The structure of the steel was extra- 

95 ordinarily fine (average grain diameter: 0*01 5 
measured according to the Hungarian Stan- 
dard No. 2557). The usual grain diameter of 
similar alloys is in general 0,028-0.03 mm. 
The impact energy of the steel treated with 
100 the process according to the invention 
amounts to 16 mkp/mm a at 20 X and 6 
mkp/mm 2 at 40 °C, in the case of steels 
treated with the traditional process, the same 
values amount to 1 2-14 and 3^5 mkp/mm 2 

105 respectively in general. 

Example 2 

inclusions were removed from a deep- 
drawable soft steel according to Example 1 , 

110 The inclusion-removing alloy was added to the 
steel bath at 1620 *C and under normal 
atmospheric pressure. The composition of the 
inclusion-removing alloy was as follows: sili- 
con 50%, aluminium 20%, calcium 20%, 

1 15 magnesium 1 .5%, the rest being iron. 

After removing the inclusions, a vacuum of 
TO " 3 * torr was produced. After the treatment, 
the alloy contained 50 ppm oxygen and 
0*09% sulfur. The average grain diameter 

1 20 was 0.01 8 mm. The value of the impact 
energy amounted to 18 .mkp/mm* and at 
-40 fi Cio 6 rnkp/mrn*. 

Examples 

1 25 Inclusions were removed from the alloy as 
described in Example 2, but at a temperature 
of 1 640 *C and a pressure of 4 atm. The 
composition of the inclusion-removing alloy 
was the following: silicon 40%, aluminium 

130 20%, calcium iB%, magnesium 1,5%, the 
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rest being iron. The blasting was carried out 
by means of a blasting lance and with argon. 
The vacuum value after the removal of inclu- 
sions amounted to lO^ 1 torr. The parameters 
5 of the altoy won by means of this method 
were as follows: 

oxygen content: 10 ppm, suifur content: 
0.008%, average gram diameter: 0.008 mm, 
impact energy at 20 "C: 1 B mkp/mm 2 , at 

10 - 40 X: 8 mfcp/mm*. 

The above Examples clearly show that the 
secondary Inclusion content of the alloys 
treated by the process according to the Inven- 
tion Is reduced to a considerable, extent the 

1 5 steel structure is refined and the mechanical 
characteristics will be improved, too. 

Fig. 3 shows the apparatus used in the 
treatment. 

The equipment consists of a chamber 1 in 
20 which a vessel 2 comprising the alloy to be 
treated is placed. The chamber 1 can be 
closed by a cover 3. An injector unit 4 is 
connected to the cover 3* The inclusion-re- 
moving alloy is located within said injector 
25 unit 4. The injector unit 4 is provided with a 
lance 6 reaching into the metal melt through 
a stuffing box 7 mounted In the cover 3 of 
the chamber 1 . 
The chamber 1 Is connected to a vacuum 
30 unit 9. 

A pressure unit 5 is connected to the injec- 
tor unit 4. Pressure unit 5 serves for produc- 
ing the pressure needed for blasting in the 
inclusion-removing alloy, on the one hand, 

35 and for enabling removal of the inclusions 
under pressure, on the other hand. 

In the case of the embodiment according to 
Fig, 3, the pressure unit 5 consists of bottles 
containing an inert gas, preferably argon. 

40 The whole equipment can be handled from 
a control console 10- 

The apparatus may be operated as follows: 
—In the first step, the vessel 2 filled with 
pre-oxidized steel is placed into the open 

45 chamber 1 by means of a crane* 

— In the second step, the treatment chamber 
1 is closed with the cover 3 provided with the 
injector unit 4, 

*-^4n the third step, blowing with the help of 
50 the pressure unit 5 is started through the 
injector unit 4. At the same time, lance S of 
the injector unit 4 is immersed into the steel 
bath to a sufficient depth and thus the cham- 
ber 1 is sealed by the stuffing box 7 located 
55 on the blasting lance 6. 

— -In the fourth step, injector unit 4 is started 
and the alloy with calcium and/or magnesium 
content is blown into the steel. The apparatus 
in chamber 1 increases to a value preset by a 
60 safety valve 8. At this point, the injector unit 
4 is stopped. 

—in the fifth step, the vacuum unit 9 is 
started and the pressure in chamber 1 will be 
reduced gradually. Afterwards,, the calcium 
65 end/or magnesium will be evaporated from 



the steel, 

— m the sixth step, the vacuum pump is 
stopped. Lance 6 of the injecting unit 4 is 
lifted from the steel bath and the gas flow is 
70 stopped too. 

— In the seventh step the cover 3 is removed 
from the chamber 1 . 

^-in the etghtfc step the vessel filled with the 
treated steef is lifted from the open chamber 1 
75 by means of a crane and is transported for 
casting. 

Operating of the different units as well as 
the controi of the whole process is directed 
from the control console 10. All the above 

80 steps can be carried out in 10-20 minutes. 
From the Examples it will be evident that by 
applying the process according to the inven- 
tion, the Inclusions can be removed from the 
steels in a most economical way and that the 

85 simple equipment according to the invention 
ensures the realisation of the process at low 
expense. The inclusion content of the steel 
produced by means of this method is consid- 
erably lower than usual, its structure is extra- _ 

00 ordinarily fine end its mechanical characteris- 
tics are also better than those of the steels the 
inclusions of which are removed by traditional 
means. 

95 CLAIMS 

1 . A process for reducing the inclusion- 
content of steels and refining their structure 
characterized in that the inclusions of the steel 
are removed at a pressure of at least 1 aim by 

TOO means of an inclusion-removing alloy contain- 
ing calcium and/or magnesium, then vacuum 
is. produced and the calcium and/or magne- 
sium content is evaporated from the steel, 

2. A process as claimed in Claim 1 char- 
1 05 acterized in that the removal of inclusions is 

carried out at a pressure of 2 to 8 atm. 

3. A process as claimed in Claim 1 or 2 
characterized in that the inclusion-removing 
alloy is injected into the metal bath by means 

110 of an inert gas through a blasting lance. 

4. A process as claimed in Ciaim 3 char- 
acterized in that argon is used as the inert 
gas. 

5. A process as claimed in any of Claims 
1 1 5 1 to 4, characterized in that a vacuum of 

10~ a to 10 torr 3s applied. 

G. Apparatus for carrying out the process 
claimed in any of Claims 1 to 5 characterized 
In that it comprises a chamber to hold a 

120 vessel containing the molten metal as well as 
an injector unit provided with a blasting lance, 
wherein said chamber is connected with a 
vacuum unit and said injector unit is provided 
with a pressure unit and said lance is sealed 

1 25 against said chamber. 

7. Apparatus as claimed in Ciaim © char- 
acterized in that the chamber is provided with 
a cover. 

8, Apparatus as claimed in Claim 7 char- 
1 30 acterized in that the injector unit is mounted 



on the cover of the treatment chamber. 

9. Apparatus as claimed in Claim 7 or 3 
characterised in that the fance extends 
through a stuffing box fixed in the cover of 

5 the chamber, 

1 0. Apparatus as claimed in any of Claims 
6 to 9 characterised In that the chamber Is 
provided with a safety valve. 

1 1 . Apparatus as claimed In any of Claims 
10 8 to 10 characterized in that the pressure unit 

consists of bottles containing inert gas. 

1 2. Apparatus as claimed in any of Palms 
6 to 1 1 characterized in that it is provided 
with a control console. 

15 13. A process according to claim 1 sub- 
stantially as herein described with reference to 
any one of the Examples. 

14. Apparatus according to claim .6 sub- 
stantially as herein described with reference to 

20 any one of the Examples in conjunction with 
the accompanying drawings. 

15, Steel whenever produced by the proc- 
ess claimed in any one of claims 1 to 5 or 1 3, 
or by apparatus claimed in any of claims 6 to 
12 or 14. 
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